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Abstract. Ganges-Brahmaputra Delta is one of the largest deltas in the world. The evolutionary history of the delta is 
important to know for land use and urban development. This paper has tried to unveiling the processes that are 
responsible for the evolution of the delta with the help of sub-surface geology of the south-western coastal part of 
Bangladesh and provide necessary information about subsequent land use and/or land suitability. To unveil the 
processes, sedimentary data have been generated by analyzing the borehole date. The analysis reveals that the area 
composed of thick sand rich zone and thick clay/silty rich zone which are alternating each other. The clay/silty clay 
rich zone also possess peat layers. This indicates non migrating mega paleo river systems which are responsible for 
the development of the delta.  
 





Bengal Delta is one of the largest deltas in the world. 
This delta is being formed by the sedimentation of the 
three mighty river systems viz., Ganges, Brahmaputra 
and Meghna. Every year about 1.2 billion tons of 
sediments from Himalaya are brought down and 
distributed by these river systems (Kudrass et 
al.,1998) to build the delta. Hence, the evolutionary 
history of these rivers is closely related to the delta 
building process. To understand the development of 
the delta, it is essential to unveil the evolutionary 
history of these rivers, which remains as the inherent 
characters in the sedimentary records. There are 
different opinions about the development of the 
present Ganges Delta. Bagchi (1944) and Haq (1982) 
stated that the present Ganges Delta has been formed 
by shifting its main flow successively from Bhagirathi 
through Bhairab, Mathabhanga and Arial Khan to 
Padma, the apex fixed at Gaur near Rajmahal in west 
Bengal, India (Fig.1).  
 
Chowdhury (1966) and Hossain (1986) think that 
the primary distributaries, namely the Bhagirathi and 
the Padma of the Ganges River, were formed 
simultaneously and that the main course of the Ganges 
has been flowing only through the Padma since its 
origin rather than the Bhagirathi. Chowdhury (1966) 
stated that the main flow of the Padma was entering 
the Bay of Bengal along the Haringhata point just 
about two centuries ago. The main channel of the 
Padma followed the courses of the present Gorai-
Madhumati-Haringhata and shifted eastward to the 
present position through the Arial Khan during a later 
period forming the modern Ganges-Brahmaputra 
Delta. Khan (2003) stated that the Padma has been the 
main channel of the Ganges River from its origin and 
has not shifted its course towards the east from 
Haringhata point to its present position by the 
inspection of old maps, recent Landsat imagery and 
seismic reflection data. Rather, Padma has been 
shifting its course within its meander belt in the upper 
part which is about 100 kilometer in width as the river 
course is tectonically controlled (Hossain, 1986) and 
only followed the course of the present Arial Khan 
and joined the Meghna River in the estuary north of 
Bhola island (Rennel, 1778).  
 
The Bhairab and Mathabhanga rivers originated 
from Padma as distributaries (Khan, 2003).Till date 
the matter remains unresolved in geologic history of 
the Bengal Basin. This problem posed different issues 
like land use and urban development. To 
accommodate heavy urbanization and population rise, 
the area has undergone tremendous environmental 
degradation resulting from a mismatch between 
adopted land use and morphologic considerations. But 
no detailed geological work has been done with 
consideration of sub-surface sedimentology. So, it 
demands a detailed sedimentological study to interpret 
mode of origin of the delta. Present study is an attempt 
to interpret the subsurface sedimentological 
characteristics which will obviously be helpful to shed 
light regarding the development of the Bengal Delta 
and its subsequent land use and/or land suitability. The 
study area is located in the south south-western coastal 
part of Bangladesh covering Khulna, Satkhira, 
Borguna, Patuakhali, Jhalokati, Pirojpur, and Barisal 
districts. It is bounded by the latitudes 21045/- 23000/N 
and longitudes of 89000/-90030/E (Fig.2).  
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Fig. 2 Location map of the study area. 
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Materials and Methods 
 
The sub-surface geological informations were gathered 
from augerholes, boreholes, pittings and exposures. 
Generally, augerholes provide surficial to shallow depth 
information upto 8 meters below the surface. But to 
collect information below 8 meters and within 100 
meters, local chopping and SPT methods have been 
applied. The sediments collected by these processes 
have been examined in detail in the field to identify the 
different geological units, sedimentary secrets, climatic 
implication, characteristics of the Holocene base etc. 
Photographs of the interested sections were also taken. 
Samples were collected at regular intervals. Besides 
sampling at regular intervals, representative samples 





The area lies in the southwestern coastal part of 
Bangladesh and is blanketed with tidal to fluvio-tidal 
Recent deposits. The area is mainly flat and slopes 
gently towards south-southeast till merging in to the Bay 
of Bengal. The average elevation of the area is nearly 1 
meter AMSL. The entire study area has been divided 
into four physiographic units: (1) Ganges River 
Floodplain, (2) Ganges Tidal Floodplain, (3) Gopalganj-
Khulna Beels and (4) Sundarbans (Rashid, 1991) 
dissected by a number of drainage.  
 
(1) Ganges River Floodplain: This part of the delta is 
characterized by high plains well above normal flood 
level, and interfluves depressions with many crescent 
shape basins (ox-bow lakes) which have water in them 
throughout the year. The rivers in this area are slightly 
entrenched. The northwest and southwest parts of this 
plain is higher than the rest. 
 
(2) Ganges Tidal Floodplain: This part of the delta 
differs from unit (1), because of tidal effect. The relief is 
that of comparatively low and seasonally shallowly 
flooded. In the southern part of this unit exist in cross-
channels between the larger rivers. 
 
(3) Gopalganj-Khulna Beels: The large basins with 
their extensive beels about 1931 sq. km. (Rashid, 1991) 
in area are present in the heart of the delta. Surroundings 
of these basins are slightly higher. 
 
(4) Sundarbans: This part of the delta is characterized 
by tidal effect. The relief is that of comparatively low 
and seasonally shallow flooded. This unit exists in inter 
connected tidal creeks and channels. 
 
General Geology of the Area 
 
The Bengal delta covers a large area of the Bengal 
Basin. The main progradation of the delta is continuing 
to the south into the Bay of Bengal. Hasan and Hasan 
(2002) geographically divided the coastal area of 
Bangladesh into West Coastal Zone (WCZ), Central 
Coastal Zone (CCZ) and East Coastal Zone (ECZ).  
 
WCZ is deltaic, CCZ is estuarine and ECZ is 
barrier system dominated. Khan and Mridha (1992) 
divided the coastal plain of Bangladesh into Deltaic 
Coastal Plain (Zone 1), Estuarine Coastal Plain (Zone 2) 
and Intradeltaic Coastal Plain (Zone 3). According to 
them, the study area falls under Zone-1 i.e., the Deltaic 
Coastal Plain. This plain falls in the Barisal Gravity 





In the study area sub-surface geology is unveiled 
through analyzing the borehole lithological data up to 80 
meters in the southwestern coastal part of Bangladesh. 
On the basis of lithologic characteristics the area can be 
divided into three parts: (1) Sand dominating, (2) 
Clay/silty clay dominating and (3) Alteration of thin 
layer of sand and clay/silty clay dominating (Fig. 3). 
 
(1) Sand Dominating: This part covers the area falling 
under Satkhira, Khulna, Bagherhat, Pirojpur, Jhalokati 
and Barisal districts. This part is mainly composed of 
thick sand deposit about 65 meters thick (Table-1) and 
normally occurs 6 meters below the surface as shown in 
Figs.-4, 6. 
Table 1. Generalized vertical section of the sand dominating area. 
Depth 
(m) 
Unit Lithological Description 
Depositional 
Environment 
0-10 Clay/Silty clay 
with peat and 
peaty clay 
Brown (10YR 5/3), grey (7.5YR N 5/), dark grey (5Y 4/1), light grey (2.5Y N 7/), 
dark grey (7.5YR N 4/), olive (5Y 4/4), dark yellowish brown (10YR 3/4), dark 
brown (10YR 3/3), and greenish grey (5GY 5/1), clay and silty clay; root, rootlets, 
root tubes, iron concretions, and mollusks present. The clay/silty clay are both 
friable, sticky and also loose and compact are present. Peat is black (7.5YRN2/), 
fully decomposed, friable and soft. The peat layer is about 1 meter thick. The peat 
layer is present at about 5 meter depth. Peaty clay is dark grey (7.5YR N4/), 
moderately sticky, slightly compact, decomposed vegetal matter present. Within 
peaty clay deposits a few thin (few centimeters) intervening peat layers are 




Sands Grey (7.5YR N 5/), very fine to fine with medium and coarse-grained, sub-angular 
to sub-rounded, moderately sorted; mica and vegetal matters present. 
In Channel 
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(2) Clay/silty clay Dominating: This part also covers 
the area falling under Satkhira, Khulna, Bagherhat, 
Pirojpur, Jhalokati and Barisal districts. This part is 
composed of thick clay/silty clay deposit (Table- 
 
2) and extends downward 50 meters from the surface 
(Figs.-5, 7). This deposit is often interrupted by more 
than a meter thick peat layer. 
 
Table 2. Generalized vertical section of the clay/silty clay dominating area. 
 
(3) Alteration of Sand and Clay: This part falls under 
Patuakhali, Barguna and, southern and northeastern part 
of Barisal districts. This part is composed of alteration 
of thin sand and clay or silty clay layers (Table-3). Peat 
layers are totally absent in this part. The thickness of 
clay/silty clay ranges from 3 to 10 meters and the 
thickness of sand layers ranges about 3 to 15 meters 
(Fig.- 8). 
 
Evolutionary History of the Area 
The evolutionary history of this region is evaluated by  
 
the 2-dimensional lithological Cross-sections (Figs.-4-
8). In cross-sections AA´ and CC´ thick sand layers are 
present (Figs.-4 and 6). The sand deposit is more than 60 
meters thick and normally occurs about 6 meters below 
the surface.  In cross-sections BB´ and DD´ thick 
clay/silty clay layers are present (Figs.-5 and 7). The 
clay/silty clay deposit extends downward 50 meters 
from the surface. This deposit is often interrupted by 
more than a meter thick peat layer. Radiocarbon dating 
of organic samples from 6 meters below surface 
indicates an age of 3900 years BP (ANON, 2011) and- 
 
Table 3.Generalized vertical section of the alteration of sand and clay dominating area. 
Depth (m) Unit Lithological Description Depositional 
Environment 
0-2.13 Clay Gray (2.5YR N5/0) with yellowish brown (10YR 5/4), slightly sticky, compact, partly oxidized 
and oxidation along root, rootlets. 
Tidal 
2.13-3.65 Clay Gray (2.5YR N5/0), moderately sticky, compact. Root and rootlets are present. 
3.65-9.75 Silty Clay Dark gray (7.5 YR N4/0), presence of mica and decomposed vegetal matter. 
9.75-11.88 Sand Dark gray (7.5YR N4/0), fine to medium-grained, sub-angular to sub-rounded, moderately 
sorted. Mica, dark minerals and decomposed vegetal matters are present. 
11.88-20.42 Sand-Silt-
Clay 
Dark gray (7.5YR N4/0), fine to medium- grained sand mixed with clay. Mica and decomposed 
vegetal matters are present. 
20.42-32.61 Sand Dark gray (7.5YR N4/0), fine to medium-grained, sub-angular to sub-rounded, moderately 
sorted. Mica, dark minerals and decomposed vegetal matters are present.  
32.61-41.75 Sand-Silt-
Clay 
Dark gray (7.5YR N4/0), fine to medium- grained sand alternate with clay layer. Decomposed 
vegetal matters are present. 
41.75-46.32 Silty Clay Dark gray (7.5YR N4/0) and presence of decomposed vegetal matter. 
46.32-50.90 Sand Dark gray (7.5YR N4/0), fine to medium-grained, sub-angular to sub-rounded, moderately 
sorted. Mica and dark minerals are present.  
50.90-53.94 Sand-Silt-
Clay 
Dark gray (7.5 YR N4/0), fine to medium- grained sand mixed with clay. Mica and dark 
minerals are present. 
53.94-56.99 Sand Dark gray (7.5 YR N4/0), mostly fine- grained. Decomposed vegetal matters are present. 
56.99-61.26 Clay Dark gray (7.5 YR N4/0), moderately hard. Shell fragments, root and rootlets are present. 
61.26-62.78 Clay Dark gray (7.5YR N4/0), sticky, hard and soapy.  




Unit Lithological Description 
Depositional 
Environment 
0-50 Clay/silty clay 
with peat and 
peaty clay 
Brown (10YR 5/3), grey (7.5YR N5/), dark grey (5Y 4/1), light grey (2.5Y N7/), 
dark grey (7.5 YR N4/), olive (5Y 4/4), dark yellowish brown (10YR 3/4), dark 
brown (10YR 3/3), and greenish grey (5GY 5/1), clay and silty clay; root, rootlets, 
root tubes, iron concretions, and mollusks present in top part and often vegetal 
matter present in the lower part. The clay/silty clay are both friable, sticky and 
also loose and compact are present. Peat is black (7.5YR N2/), fully decomposed, 
friable and soft. The peat layer is about 1 meter thick. Two major peat layers occur 
at about 5 and 30 meter depth. Peaty clay is dark grey (7.5YR N4/), moderately 
sticky, slightly compact, decomposed vegetal matter present. Within peaty clay 
deposits a few thin (few centimeters) intervening peat layers are present. At some 




Sand Grey (7.5YR N 5/), very fine to fine with medium and coarse-grained, sub-angulr to 
sub-rounded, moderately sorted; mica present. 
In-Channel 
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from 48 meters below the surface indicates an age of 
12320 years BP (Umitsu, 1987). The analysis reveals 
that the area composed of thick sand rich zone and thick 
clay/silty rich zone which are alternating each other. The 
thick sand layers might have resulted from the mega 
paleo-river system, whereas the thick clay/silty clay 
layers were deposited on the adjacent plain as over bank 
sediments. Existence of over bank deposits in adjacent 
 
areas of mega channels indicate that the channels did not 
migrate laterally. Moreover, the presence of peat layers 
indicate luxuriant vegetation in the over bank areas, 
which also supports the same view about channel 
migration. Hence, it is obvious that the river did not shift 
laterally since that time i.e., at least from Late 
Pleistocene. In cross-sections EE´ alteration of thin sand 
and clay or silty clay layers are present (Figs. 4, 6). This 





















































Fig. 4 Lithological cross-section along the profile AA´ (in Fig.3). 
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Fig. 6 Lithological cross-section along the profile CC´ (in Fig. 3). 
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Fig. 8 Lithological cross-section along the profile EE´ (in Fig.3). 
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Discussion and Conclusion 
 
Umitsu (1985) studied various types of natural levees 
developed in the Bengal Lowland and described the 
largest type from Khulna-Satkhira region and opined 
that the main flow of the Ganges River flowed through 
this region in the ancient times leading to the formation 
of the large levees. From here it can be concluded that 
the thick sand deposits (Figs. 4, 6) might be the result of 
Old Ganges River System. The sediments are at least 
older than 12320 years BP. At that time the major river 
system must have developed a wide and extensive 
floodplain or fluvio-tidal plain with the evolutionary 
process of the river system. Presence of thick clay or 
silty clay deposits (Figs. 5, 7) in the nearby areas 
strongly supports the possibility.  
 
In the evolutionary process, a short term peat bog 
was formed to deposit little amount of peat. Comparing 
the borehole data, it can be concluded that the paleo-
rivers might not be migrated later ally as evidenced by 
the absence of channel sand deposits in the nearby areas 
(Figs.-5, 7) rather it remained in position for sufficient 
time to support luxuriant vegetation from which a peat 
deposits was formed. But the sub-surface of Patuakhali 
and Borguna districts are composed of alteration of thin 
layers of sand and clay/silty clay, and absence of peat 
layer (Fig. 8). This indicates tidal environment in these 
areas.  
 
The detailed sub-surface lithological study, shows 
that the Ganges River was not laterally shifting in the 
southwestern coastal plain since Late Quaternary Period. 
The presence of thick clay/silty clay layers and thick 
sand layers in nearby areas, and ages of sediments in 
this area support the same view. This area was formed 
by non migrating big paleo rivers with adjacent plain. 
Alternating thin layers of sand and clay/silty clay 
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